The installed wind power in Lithuania reached 422 MW in 2015, and it was one of the most developing renewable energy sectors in the country. For this reason, it is important to estimate wind energy potential and the tendencies of wind power prediction accuracy. In this work, the results of statistical analysis of wind measurements in a number of locations in Lithuania are presented, which makes the basis for wind energy potential estimation. Wind power prediction errors of different time scales have been analysed, and the influence of seasonal and diurnal wind power variation is pointed out. Also, the possibilities of connection of new wind farms to the grid are analysed in the paper. Investigation shows that northern and middle regions of Lithuania are the most favourable for further wind power development with the goal of reaching the total installed power of 840 MW till 2030.
INTRODUCTION
Wind energy is among the fastest developing renewable energy sectors globally. In 2014, 51 GW of new wind power capacity was added, and global installed wind power capacity reached 370 GW. Currently China, USA and Germany are the leaders of new annual wind power installations [1] . Lithuania keeps up the pace of wind farm expansion, reaching 422 MW of installed power in 2015. Intensive development is foreseen in the future -there are plans to have at least 840 MW of total capacity till 2030 [2] . However, such plans require analysis of possibilities to connect wind farms to the national grid and a more detailed estimation of wind potential. Besides, wind power development is typically a challenge for the grid operator and is accompanied by the issues of grid balance and required reserves [3, 4] . The solutions of this kind of problems are facilitated by using wind power prediction systems and improving their accuracy [5, 6] .
One of the major limiting factors for wind power development is spare grid capacity. Most wind farms around the Baltic Sea are typically constructed close to the seashore, where wind resource is the highest. However, the grid may not be sufficiently strong to accept the increasing amount of wind power, which consequently has to be transmitted deeper inland [3, 7] . Wind speed variation results in significant wind power fluctuations leading to the challenges of grid balancing [8] . This issue needs professional approach using state-of-the-art wind speed and power prediction systems [9] .
On a global scale, wind power generation is influenced by topographical and meteorological conditions. On a regional scale, wind speed varies according to the geographical location depending on the sizes of land and sea and the presence of mountains and plain areas [10] . For Lithuania, one of the most important factors influencing local and regional wind conditions is the terrain forestation level. Optimal combination of this factor together with transmission network capacity and adequacy of active power regulation reserves determines possibilities for sustainable wind power development [11] .
Several main types of models are used for wind power prediction: time series, statistic and physical models [12, 13] . Also, combined hybrid models can be used which have been proved as giving the best forecast results [14] . These models and forecasts are used to predict the wind power output of a stand-alone wind turbine or a wind farm. From various terms and categorizations of the prediction horizon which may be found in literature there are three typical prediction horizons used: very short-term -from several seconds to 1 hour, used for wind farm operation control; short-term -1-72 hours (up to 3 days), used for load determination and planning in advance, electricity market, cost optimization; and medium-term (from 3 to 7 days), used for planning of wind farm maintenance works and allocation of other power generation sources [15] .
Despite improvements in wind power forecasting methods, wind power forecasts still suffer from relatively high errors, depending on several factors, such as forecasting horizon, type of forecasting model, size of wind farm and geographic location [16, 17] . Also, research works show that wind power prediction errors depend on seasonal and diurnal wind variations, as well as local topographical and meteorological conditions [18, 8] . As a result of this, it is very important to analyse seasonal, diurnal and hourly forecast errors and their dependence on wind speed, local topographical characteristics, air temperature inversion and air flow vertical and horizontal stratification [19] .
MATERIALS AND METHODS
In this work, one-year (2014) wind measurement data from one 100-m meteorological mast and a number of meteorological stations (masts of 10 m in height) around Lithuania were used. Hourly data from the met-stations were converted to 100 m height (typical hub-height of modern wind turbines) using a simple power law (equation 1). Two values of shear coefficients were chosen for calculation: 0.28 (small settlement, suburbs) and 0.375 (medium size town). These values represent the terrain roughness of the real locations of the met-stations [20] 
where v 2 is wind speed at 100 m, v 1 is wind speed at 10 m, h 1 is the height of the mast at the meteorological station, h 2 is the height chosen for wind speed conversion (100 m), k is the wind shear coefficient (0.28 -small settlement, suburbs, 0.375 -medium size town). Wind speed probability is described by the Weibull distribution (equation 2), wind direction distribution is illustrated by a wind rose. WAsP 9 software was used for the calculations: ,
where p(v) is probability of wind speed v occurrence, k is the Weibull distribution shape parameter, A is the Weibull distribution scale parameter. Wind farm actual and predicted power data from the Lithuanian electricity transmission system operator (Litgrid AB) were used for the estimation and analysis of prediction errors. Several types of errors were used for the evaluation of wind power prediction accuracy. As hourly data is available for the period of last five years (2010-2014), seasonal and annual prediction errors were distinguished. The results of wind power prediction error analysis are given in hourly intervals. Analysis of diurnal variations was carried out using 3-hour intervals from 00:00 to 24:00. This analysis covers the same last five-year period.
Annual wind power prediction error variability is related to seasonal variations. To estimate annual, seasonal and diurnal errors, their relative values were calculated according to equation ,
where f is a relative wind power prediction error (per cent), x is an hourly absolute wind power prediction error (MW), c is installed wind power capacity (MW). The RMSE (root mean squared error) was calculated using a typical equation ,
where x i is actual wind power (MW), y i is predicted wind power (MW). The MAE (mean absolute error) was calculated using the equation
where x i is actual wind power (MW), y i is predicted wind power (MW).
RESULTS

Wind power development in Lithuania
The final electricity consumption in Lithuania (including grid losses) equalled 10.05 TWh in 2014; 63.9% of the gross electricity consumption was imported. To compare renewable energy sources, wind turbines generated 14.5%, hydro power plants 9.1%, photovoltaic 1.7% of total electricity produced in Lithuania in 2014 ( Fig. 1 ). In 2014, the maximum power demand in Lithuania reached 1810 MW, and installed power capacity was significantly larger -4296 MW (Table 1) . However, electricity production in obsolete thermal power plants was inefficient due to combustion of expensive imported fossil fuel, mainly natural gas. The dependence of the Lithuanian power system on import was determined by the supply of cheap electricity in the markets of neighbouring countries. In the course of several years, final power (electricity) demand remained stable, and the share of electricity from renewable sources in the national balance increased to 18%.
The development of wind energy started only ten years ago, and the last decade was a period of gradual wind power development in Lithuania. The first wind turbine (630 kW) was built in 2004. In 2006, the first wind park of 15 turbines (installed capacity 2 MW each) was erected and connected to the electricity transmission network. At the end of 2005, the total capacity of all installed wind turbines was 6.4 MW, but in 2014 it reached 285 MW ( Table 2) .
Wind power provided approximately 6.9% of the final electricity consumption in Lithuania, and it was the biggest renewable energy source for power generation in Lithuania in 2014. At the end of 2015, installed wind power capacity reached 422 MW.
Successful development of wind energy requires evaluation of spare grid capacity for connection of wind farms. The researchers of the Kaunas University of Technology together with specialists from Litgrid AB have analysed possible wind power development scenarios [2] . The minimum scenario foresees the total installed capacity of 500 MW till 2030, medium scenario -670 MW, and ambitious scenario -840 MW. In this study, the points of the connection of maximum allowed wind power capacities were determined. A map was created by Litgrid AB showing spare connection capacities for wind farms. Information presented on this map leads to the conclusion that possibilities for wind farms connection in the western part of Lithuania, particularly in the coastal region, are practically depleted (Fig. 2) . Grid capacities in other regions are sufficient for intensive wind power development. The study also indicates that the total new wind power capacity to be connected to the grid must not exceed 1000 MW. Construction of new power lines would not be necessary if new wind farms were geographically widely distributed; it would be enough to implement the planned infrastructure projects [2] .
Assessment of wind power potential in Lithuania
Wind energy potential has been estimated in order to determine the most favourable regions for wind power development. Hourly wind measurement data from 11 Lithuanian meteorological stations and one tall measurement mast were used for the statistical analysis. Measurements covered one full year (2014), and wind speed from 10 m was converted to the wind speed at the height of 100 m, except for the tall tower with measurement data from 100 m height. The Weibull distribution function was used for the approximation of the converted wind speed data.
Due to a non-complex terrain in Lithuania, these statistical values represent wind climate in a relatively large region around the measurement mast. Local roughness and terrain effects were taken into account using wind shear values typical of the surroundings of meteorological stations.
The observed wind climate results consist of wind rose, wind speed distribution histogram, annual mean speed at 100 m heights, power density (W/m 2 ) and prevailing wind directions (Fig. 3) . In the plots of the observed wind speed distribution, the Weibull parameters (scale parameter A and shape parameter k) are also given.
Mean wind speeds and power densities are listed in Table 3 . It can be noticed that wind power values do not correlate with the mean wind speed values. This is because wind power values are not based on the mean wind speed. They were calculated taking into account wind speed distribution. Besides, different wind shear values were used for wind speed recalculation for 100 m height.
It can be seen from Table 3 that the highest wind speeds at 100 m height were calculated in the western part of Lithuania -from 6.2 to 7.9 m/s. Meanwhile in the eastern and southern parts, wind speed is the lowest -reaches only 4. . Due to the fact that wind power development possibilities regarding the connection to the electricity grid are at the limit of exploitation in the western regions (Fig. 2) , further perspectives for the installation of new wind power capacities are related to the unexploited potential in the middle and northern regions of Lithuania.
Wind power prediction in Lithuania
The exploitation of wind power is receiving increased attention during the last 10 years in Lithuania. In this period, the accurate estimation of available energy potential for short-or long-term forecasting horizons is of primary importance but not always easy to be achieved due to the variable form and complexity of environmental conditions that are directly or indirectly involved. For wind power prediction, two models are currently used in Lithuania: Aiolos and Wind Power Prediction Tool (WPPT). Analysis of prediction errors revealed that in recent years, the accuracy of wind power prediction improved. The main reason for this is the adoption of historical wind speed and power data in prediction models. The second reason is the introduction of predictions two times per day since February 2014, i. e., at 9:00 and 14:00 during the day. In total, the mean absolute error (MAE) of wind power prediction reached 5.9% in 2014 in Lithuania. Differences between the actual and forecasted Lithuanian wind farm power in January 2015 are given in Fig. 4 . Results indicate that actual data follow the predictions quite well; however, sometimes rather large errors may occur. During the given month, the biggest forecast errors were 91 MW (32% of total installed capacity) (Fig. 4) .
The diurnal wind power prediction variation is presented in Fig. 5 . Diurnal variations reveal discrepancy between power prediction and actual power generation. If such discrepancies occur frequently, this may result in significant yearly losses of the TSO. For this reason, it is very important to analyse wind power prediction errors and increase prediction accuracy. This may be done through analysis of seasonal and diurnal prediction errors and their origin.
Wind power prediction errors also depend on installed wind power capacity. The main changes of installed wind power capacity occurred in 2012, when 73 MW of wind power were added. Later, the installed capacity increased slightly from 275 to 282 MW in 2014. Although the RMSE and total installed power capacity increased from 2010 to 2012, relative wind power prediction errors decreased from 2010 to 2014 (Fig. 6) . One of the main reasons for this could be the incorporation of historical wind power and wind speed data into the prediction model -last few years' wind power predictions were analysed, and data were adopted for the model.
An analysis of seasonal components provides detailed variation of wind power yield [16] . As it was mentioned before, wind power prediction was getting more accurate from 2010 to 2014. To compare, there was a difference of 5 percentage points between summer (4.79%) and winter (9.87%) prediction errors in 2010 and only 1.33 percentage points between summer (4.72%) and winter (6.06%) in 2014. It means that seasonal impact on prediction accuracy has gradually decreased (Fig. 7) . In 2010-2014, the largest prediction error values were found in winter (9.87%) and the smallest in summer (4.72%). This implies that the higher the wind speed, the lower the wind power prediction accuracy.
The main reason which could explain the difference in the seasonal errors is that in winter and autumn, when diurnal temperature changes gain significant values, they result in higher wind speed variations, and in summer, wind speeds are typically lower [22, 23] . This confirms that higher wind speeds are associated with larger wind power prediction errors.
The diurnal wind power prediction error variation is presented in Fig. 8 . The lowest error values were found at 3:00, 6:00 and 9:00 (5.85, 6.17, and 6.27% on average, respectively) in the morning, and the biggest at 18:00 (8.55 and 9.12% on average).
An explanation of this is diurnal wind variation regarding temperature inversion. At night, wind flow turbulence intensity and thermal inversion values are weak. In the morning, when the sun is rising, turbulence increases between lower and higher layers. Later, wind speed increases in boundary layers and reaches maximum values at noon [22] . After sunset, due to decreased layer friction, minimum wind speed values are reached.
DISCUSSION
In this work, the main attention is given to the prospects of wind power development in Lithuania. The potential of separate geographical regions is analysed regarding the grid connection possibilities and wind energy estimations. Due to the improvement of wind power technologies (higher towers and larger rotors resulting in higher capacity factors), wind power projects may become profitable even in the regions which previously were considered non-perspective because of comparatively lower wind resources. Wind power integration in the eastern side of the country may bring new challenges for the grid stability, which may require more accurate wind power predictions. For this reason, a more detailed investigation of wind conditions and topographic characteristics as well as improvement of wind power prediction accuracy is needed.
In Lithuania, one prediction system is used for the prediction of the total wind farm power.
Currently, the mean wind power prediction error reaches 5.9%, which is a rather good accuracy as the majority of wind farms are operating in one region, western part of the country. Introduction of new wind farms in other regions may negatively influence the average power prediction error due to shortage of historical wind power generation data.
The results of the analysis have revealed the influence of seasonal and diurnal wind speed variations on prediction accuracy; therefore, it is important to carry out the investigation of seasonal and diurnal errors taking into account the wind speed variation and local topographic conditions [24] . Such investigation would lead to identification of the reasons of prediction errors.
CONCLUSIONS
The investigation has shown that considering the possibilities of wind power connection to the national grid and distribution of wind energy potential, northern and middle regions have the best perspectives for further wind power development in Lithuania. Eastern and southern regions are characterized as having the lowest wind energy potential.
Analysis of total average wind power prediction errors shows increase in prediction accuracy during the period of 2010-2014. The difference between the annual seasonal prediction errors in summer and winter has decreased from 5 to 1.33 percentage points in 2010 and 2014, respectively. This indicates the significance of the amount of historical wind power generation data used for the statistical prediction model. Analysis of seasonal and diurnal average wind power prediction errors revealed an inverse relation between the average wind speed values and wind power prediction accuracy. Higher average wind speeds lead to larger errors. Comparatively largest errors occur in the evening time (18:00), and the smallest at 3:00, 6:00 and 9:00. Considering the total five-year period, the largest estimated average wind power prediction errors occur in winter. Raktažodžiai: vėjo energija, energetinis po ten cialas, galios prognozavimas
